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'£> Thin-film electroluminescence apparatus including optical interference filter. 



An electroluminescence apparatus In which a voltage is applied to a lamination of a fluorescent material 
laver and a dielectrc layer through a pair of electrodes one of which is light-transmissible to extract 
fluorescence. A reflec:ing mirror layer is provided on the lamination while a particular relationship is established 
between the refractive index and the thickness of the lamination, thereby improving the efficiency with which the 

fluorescence is extracted. 
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BACKGROUND OF THE INVENTION 

Ths invention relates to thm-f Im elect'Oium nescence apparatus and. 'more partcularly. to a thin-film 
electr :lum nescence apparatus suitable for trin-f Im flat displays for use with information term nal o : office 
5 automation systems. 

A display based on a thin-film electroluminescence (hereinafter refer -ed to simply as "thin-film EL") 
aooa-atus has been proposed whi:h has a construction describee below. Fig. 1 shows a structure in which 
dielectric layers 4 and 6 are provided on two sides of a fluorescent material layer 5. and these layers are 
interposed between a transparent electrode 2 and a back electrode T . Thn-film EL displays in which ZnS: 

-0 Tb. F for green luminescence or ZnS: Mn for orange luminescence is used for the fluorescent material layer 
5 are known. In all cases, emitted light is extracted through a glass surface on one side of the layers where 
the transparent electrode is orovided. and the intensity of light thereby extracted is at most about 10° 0 of 
that of the light emitted from the emission center of the fluorescent material layer. 

This cause is based on the Fresne-'s law. that is 90°o or more of the light emitted from the emission 

-5 center ot the decrescent matenal layer is reflectec by the interface between the fluorescent material layer 
and the dielectric layer or between the latter and the transparent electrode. This is because the angle of 
total reflection to the emission wavelength is considerably small, that is. it is about 25 J 

On tne other hand, a method is known in which a Fabry-Perot interferometer is used for selecting the 
wavelength of light emitted from a light source having a wide range of emission wavelength. The Fabry- 

20 Perot interferometer allows transmission of light only when the light satisfies the following optical interfer- 
ence condition: 

l_.q = K*-r (?r: circular constant) 

25 where L represents the distance between a pair of reflecting mirrors 8 disposed parallel to each other as 
shown in Figs. 2a and 2b, q represents the number of waves between the reflecting mirrors and K is a 
positive integer, it has been actually found that as the reflectivity R of the reflecting mirrors is increased, the 
half widtn of the spectrum of light becomes narrower, as shown in Figs. 3a and 3b. This phenomenon is 
described on pages 51 to 56 of Laser Physics Nyumon (Introduction to Laser Physics) written by Khoichi 

30 Shimota (published on Apr. 22. 1983 by Iwanami Shoten). 

It is also known that this interferometer can be used as a laser resonator if a laser medium is inserted in 
the interferometer. 

A thin film interposed between repetition multilayer films (multilayer-film optical interference filter) has a 
structure such as that shown in Fig. 4. It has been revealed that the interference characteristics of a thin film 

35 having this type of structure including reflecting layers formed on two sides of the film and having a high 
reflectivity ensure the same effects as the Fabry-Perot interferometer, as shown in Fig 5 This type of thin 
film is formed ny laminating optical thin films having different refractive indexes while setting the film 
thicknesses so as to satisfy the conditions for prevention of reflection with respect to the emission 
wavelength X, that is. (n»d =(14+ m2)«X where n represents the refractive index, d represents the film 

40 thickness, and m = 0, 1, 2 ...). Explanations relating to this thin film are found on pages 30 to 34 and 98 to 
129 of Optical Thin Film edited by Shiro Fujiwara (published on Feb.. 25, 1985 by Kyontsu Shuppan). 

The thin-film EL apparatus shown in Fig. 1 has an advantage in being easily manufactured, and thin-film 
EL displays based on this apparatus have been put to practical use. However, colors of these displays are 
limited to orange based on the use of ZnS: Mn for the fluorescent material layer and green based on the 

45 use of ZnS: Tb To manufacture a thin-film EL display capable of displaying three elementary colors, 
materials for the fluorescent materia; layer are required which enable emission of light having red and blue 
emission colors with a high emission efficiency, but duorescent layer materials have been not yet 
developed for realization of a practical display. Further it has been very important to improve the emission 
efficiency. 

50 

SUMMARY OF THE INVENTION 

The present invention is devised in view of the above-mentioned problems sticking to the pnor art 
electroluminescent apparatus, and accordingly, a mam object of the present invention is to provide a thin- 
55 fi:m electroluminescence apparatus which can produce bright light cf three elementary colors with a high 
degree cf ummescent efficiency. 

To the end according to the present nvention. mere is provided a tnin-fhm electroluminescence 
aopa-atus comprising a fluorescent material layer for emitting light having a wavelength of X: a dielectric 
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material layer laid on at least one side of the fluorescent material layer the fluorescent material ayer and 
the dielectri: material layer forming, in combination, a laminated structure bed/ having a film thickness of d: 
electrode layers at least one of which is hght-transm ssible for applying a voltage to said laminated structure 
body: and ref ector layers having -eflec tivities of R1. R2 with respect to the hgnt having the wavelengtn of x 
and laid on both sioos of said fluorescent material layer or the laminated structure- body: the fluorescent 
material laye' or saic lam natec structure body navmg a refractive inde* n which has the following 
relationship with respect to the film thickness d of the laminated body: 



10 



where K is a positive integer equal to or greater than one. 

With this arrangement, a means which has the same function as a Fabry-Perot irterferometer can be 

75 provided in the thin-film EL apparatus, and lignt spontaneously emitted from the fluorescent material layer 
can oe extracted while the direction of transmission is uniformly set tc a direction perpendicular to the thin 
film surface oy this interferometer. Light which is emitted from the emisson center in the fluorescent 
material layer and which has a desired wavelength can therefore be extracted through the display surface at 
an improved efficiency. It is thereby possible to obtain three elementary colors, red. blue and green, with an 

20 emission efficiency ten times higher than that attained by the conventional apparatus. 

According to the present invention, in its second aspect, there is provided a thin-film elec- 
troluminescence apparatus including an optical interference filter, comprising: a light-transmissible electrode 
layei : a light -eflecting electrode layer; a fluorescent material layer or a ammated structure of a fluorescent 
material layer and a dielectric material layer, a voltage being applied to the fluorescent material layer or the 

25 laminated structure through the electrode layers; and a multilayer-film optica interference filter capaole of 
selectively transmitting light emitted from the fluorescent material layer and havirg an arbitrary wavelength 
X. the optical interference filter being provided on a light extraction sice of the fluorescent material layer or 
the laminated structure, the optical interference filter being formed of at least one first dielectric film having 
a smaller refractive index and at least one second dielectric film having a larger refractive index, the first 

30 and second dielectric films being alternately laminated based on an equation X 4 = film thickness ■* 
refractive index in the order of the second dielectric film and the first dielectric film, the fluorescent material 
layer or the laminated structure being formed by laminating a Muorescent material ayer having a refractive 
indev largei than that of the first dielectric film based on an equation X.2N = film thickness x refractive 
inde- (where N is an integer equal to or larger than 1 > and successively laminating a thira dielectric film 

35 based on an equation X4 < positive integer = fiim thickness < refractive incc". 

In this construction, a means which has the same function as a Fabry-Perot interferometer is provided 
in the thin-film EL apparatus, and light spontaneously emitted from tne fluorescent material layer can be 
extracted while the direction of transmission is uniformly set with respect to an emission wavelength 
se ectec as cesired. Lght which is emitted from the emission center in the fluorescent material iayer and 

40 which has a desired wavelength can therefore be e-:tractec through the display surface at an improvec 
efficiency, thereby obtaining three elementary colors, red. blue and green, with an emission efficiency ten 
times higher than that attained by the convertional apparatus The structure of the multilayer-film optical 
interference filter thus restricted makes it possible; to effectively apply an electric field to the fluorescent 
material layer. 

45 According to the presem invention, in its third aspect there is provided a thin-film electroluminescence 

apparatus comprising: a pa., of electrode layers at least one of which is light-trarsmissible; a fluorescent 
material layer or a ammated structure of a fluorescent material layer and a cielectnc materia layer, a 
votage being applied to the fluorescent material layer or the laminated structure through the pair of 
electrode layers; and a multilayer-film optical nterference filter capable of selectively transmitting light 

so emitted from the fluorescent material layer anc having an arbitrary wavelength, the optical nterference filter 
bemg provided on a light extraction side of the fluorescent material layer or the laminated structure. The-e 
is also oroviced a thin-film electroluminescence apparatus comprising: a pair of electrode layers at least 
one of whicn is light-transmissible: and a fluorescent material layer or a aminatea structure of a fluorescent 
material layer and a dielectric material layer, a voltage be^ng applied to the fluorescent material ayer or the 

r >* lanmated structure through the pair of electrode layers, the fluorescert material ayer and the laminated 
structure of fluorescent and dielectric material layers constituting a multilayer-film optical interference fitter 
caoab e of selectively transmitting light emitted from the fluorescent material layer and having an arbitra r y 
wavelength Alternatively, the arrangement may be such that multilayer-film optical interference filters for 
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a lowmg : .^smissicn of :ight of different wave lengths are p-ovided on transparent electrodes on two sides 
jf the EL apparatus to eotam different luminescence ociors. 

With this ronstruction. a means which has the same functon as a Fabry-Perot mterferomete' can be 
provided m the thin-film EL apparatus, and light spontaneously emitted from the fluorescent material layer 

5 can be extracted while the direction of transrr isson is uniformly set with resoect to an emission wavelength 
selected as desired Ligrt wmch is emitted f-om tie em ss:on sente- in the fluorescent mater a! layer arid 
which has a desired wavelength ran therefore- oe otracted through the ciselay sudace at an imoroved 
efficiency, the-eby ot taming three elemertary colors, red blue and green with an emission efficiency ten 
times higher than that attained oy the conventions apparatus. Tne use of the multilayer-film optical 

'0 interference fi ter serving as a reflecting mire enables a 'eduction in attenuation cf extracted light and. 
hence, an improvement in extraction eff ciency as compared with the apparatus in which metallic thin films 
a^e used. It is also possible to e -tract ight having different wavelengths through the respective extraction 
surfaces. 

'5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a crc ss-sectional view of the structure of a conventional th n-fi m EL apparatus: 
Figs. 2a and 2b are diagrams of a Faorv-Perot interferometer: 

Figs. 3a and 3b are diagrams of the principle of a function of the Fabry-Perot interferometer: 
20 Fig 4 is a diagram of a multilayer-film optical interference filter: 

Fig 5 is a diagram of a basic characteristic cf the multilayer-film optical interference filter. 

Fig 6 is a cr oss-sectional v ew of the basic construction of a thin-film EL apparatus which represents an 

embodiment :»f the present invention 

Fig 7 is a diagram of luminance-voltage characteristics cf the thin-film EL apparatus in accordance with 
25 the embodiment; 

Figs. 8 to 12 are- cross-sectional views of the basic constructions of thin-film EL apoaratus which 
reoresent other embodiments of the present invention: 

Figs. 13 to 15 arc diagrams of spectra of light emitted by the thin-film EL apparatus which represent the 
embodiments of the present invention: and 
30 Figs. 16 to 20 are cross-sectional views of the basic constructions of thin-film EL apparatus which 
reoresent further embodiments of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 Explanation will be made of preferred embodiments of the present invention with reference; to the 

drawings 

Embodiment 1 



40 Fug. 6 shows m section a basic construction cf a thin-film EL apparatus in accordance with the present 

invention. 

A transparent ITO electrode 2 is formed on a glass substrate 1, a reflecting mirror layer 3 is formed on 
the electrode 2. anc a first dielectric layer 4 having a cielectric constant *1 and a thicnness d1 is formed on 
the reflecting mirror layer 3. A fluorescent material layer 5 having a thickness d3 is formed on the dielectric 

45 layer 4. and a second dielectric 'aver 6 having a dielectric constant -2 and a thickness d2 is successively 
superposed. Back electrodes 7 having the function of a reflecting mirror layer as well as the function of an 
electrode layer are formed on the second dielectric layer 6. A thin-film EL apparatus having this structure 
was manufactured, and the refractive index n of the lamination cf the first dielectric layer, tne fluorescent 
material layer and the second dielectrc laye^r with respect tc the wavelength of light emitted *'rom the 

50 fluorescent material layer was measured with an eMpscmeter. 
The total tniokness d of this laminaton is expressed by 

d = 11 + d2 + d3 (1 ) 

55 Each factcr is determined so that the fol'owmg -elaticnship is estab ished among the fluorescent material 
layer emission wavelength x. the refractive index n and the total thickness c: 
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d = 



K • n- A/2 



(2) 



where K is a positive integer equal to or larger than 1. 

It was confirmed that the thm-film EL apparatus in accordance with the first embodiment of :he present 
invention shown n Fig. 6 had a voltage-luminarce characteristic such as that shown in Fg 7(a). and that 
the luminance from the fluorescent material layer could be efficiently extracted through the luminescence 
jo surface. 

The fluorescent material layer was formed by using a fluorescent material selected from the group 
consisting cf ZnS: Mn which emits orange light with a main emission wavelength of 580 nm, ZnS: Tb. F or 
ZnS: Tb, P which emits green light with a main emission wavelength of 544 nm, CaS: Eu or ZnS: Sm which 
emits red light with a mam emission wavelength of 650 nm, and SrS: Ce or ZnS: Tm which emits blue light 
75 with a wavelength of about 480 nm. Yttrium oxice fi'ms. tantalum oxide films, alum num oxide films, silicon 
oxde films, silicon nitride films and perovskite-type oxide dielectric films represented by a strontium titanate 
film were used for the first and second dielectric fi'ms. Table 1 snows the characteristics cf the dielectric 
films used for the present invention. 



20 



Table 1 



25 



30 



4Q 



Constituent material 


Dielectric breakdown field strength 


Dielectric constant 


r" 


Si0 2 


6 ~ 10 


3.9 


- 1.4 


Al Ch 


2-8 


8.5 


- 1.5 ' 


Ta.O, 


0.5 - 4 


25 


- 2.3 


HfCb 


0.2 - 4 


16 


- 2.2 


Y.-O3 


0.5 - 4 


10 ~ 14 


- 2.0 


Si-O-N 


5-8 


4 


- 1.5 


S\?Ni 


7 


68 


- 2.0 


PbTi0 3 


0 5 


30 ~ 200 


- 2.5 


a-BaTi0 3 ~ 


3-5 


10-40 


- 2.2 


SrTi0 3 


0.5 ~ 3 


20-16 


- 2.5 


Ba(Sn, Tt)0 3 


1 ~ 6 


20-16 


- 2.5 


Sr(Zr. Ti)0 3 


1 - 6 


20 - 16 


- 2.5 


BaTai Oc 


3-5 


22 


- 2.3 


PbNboO, 


1 5 


40 - 60 


- 2 4 



n* reoresents the refractive index in the vicinity of a visible region (~ 550 nm) 



~ indicates amorphous oanum titanate 
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The combination of the dielectric layers and the fluorescent material layer and the total thickness d of 
the lamination structure of this embodiment were determined by tne equation (2) from values of the 
emission wavelength X and the refractive index n of the lamination structure cf the dielectric layers and the 
fluorescent material layer determined by the ehipsometer with respect to the emission wavelength. 

It was confirmed that the present invention enabled manufacture of a thin-film EL apparatus capable of 
emitting light with a desired emission wavelength at a high efficiency. 

It was cemonstrated that a thin-film EL apparatus manufactured by using ZnS: Tb. F, ZrS. Sm, or SrS. 
Ce for the fluorescent material layer was capaole of emitting light with a spectrum reduced in half width as 
compared with the conventional EL appaiatus hav ng no reflecting mirror layer with emussion efficiency 
which is 5 to 15 times mgher than attained by the same conventional EL apparatus. 

The increase in the emissior efficiency was remarkably large when the reflectivities of the reflecting 
mirror layers were 0.7 or higher. The reflectivity of one cf the two rejecting mirror layers which is located 
on the luminescence extraction side was set to be smaller than that of the other. Incidentally, there are two 
luminescence extraction surfaces, one on the glass substrate side and the other or the back electrode side 
On the glass suostrate side, light emitted from the fluorescent material layer passes through the glass 
suostratc after passing through the reflecting mirror and a part of the light is abso"bed or does not go out 
of the g ass substrate into the outside air layer owing to the difference between the refractive indexes cf the 
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glass substrate ana the air layer On me Lack elect' ode side, 'ignt is directly emitted to the air layer and the 
omiss.on lummance is therefore higher. 

Embodiment 2 

5 

A second embodiment cf the present invention will be described below with reference to trie 
accompanying crawmgs. 

Fig. 8 shoes in section a basic constructor o* a thin-film EL apparatus in accordance wth the second 
embodiment of the present invention 

<o A transparent ITO electrode 12 is formed on a glass substrate 11. a first dielectric layer 13 having a 

dielectric constant t 1 anc a thickness d1 is formed on the electrode 12. and a reflecting miror layer 14 is 
formed on the first dielectric layer 13. A fluorescent material layer 15 having a thickness d3 is formed on 
the reflecting mirrcr layer 14 and a second ciolectnc layer 16 having a dielectric constant e2 and a 
thickness 62 is successively superposed. Back electrodes 1 V having the function of a reflecting mirror layer 

\5 as well as the function of an electrode layer are termed on the second dielectric layer 16. A thin-tilm EL 
aopa-atus having this structure was manufactured anc 1 the refractive index n of the lamination of the 
fluorescent material layer and the secend dielectric layer with respect to the wavelength of light emitted 
from the fluorescent material layer was measured with an ellipsometer. 
The total thickness d of this lamination is expressed by 

20 

d = :12 + d3. (3) 

Each factor is determined so that the following -elationship is established among the fluorescent material 
iayer emission wavelength X. the refractive index n and the total thickness c: 

25 

d = K-nvl/2 ... (4) 

30 

where K is a oositive integer equal to or larger than 1 . 

It was confirmed that this tnin-nlm EL apparatus had a voltage-luminance characteristic similar to that of 
the first embodiment, and that the luminance from the fluorescent material layer cculd be efficiently 
extracted through the luminescence surface 

35 The fluorescent material layer was formed by using a fluorescent material selected from the group 

consisting of ZnS: Mn which emits orange light with a ma.n emission wavelength of 580 nm, ZnS: Tb. F or 
ZnS Tb, P which emits green light with a main emission wavelength of 544 nm. CaS Eu or ZnS: Srr : which 
emits red fight with a main emission wavelength of 650 nm. and SrS: Ce or ZnS: Tm which emits blue light 
with a wavelength cf about 480 nm. /ttrium oxide ; ilms, tantalum oxide Hms. aluminum o<ide films, silicon 

40 oxide films, si'icon nitride films or perovskite-type oxide dieectric films represented by a strontium titanate 
fi m were used for the first and second dielectric : ilms The characteristics of the dielectric films used for 
the invention are shown in Table 1 

The combination of the dielectric layers and the fluorescent material layer and the total thickness a of 
this embodiment were determmec by the equation (4) from values of the emission wavelength X and the 

45 refractive ndex n of the lamination structure of the dieectric layers and the fluorescent material layer 
determined by the ellipsometer with respect to the emission wavelength. 

It was confirmed that the present invention enabled manufacture of a thin-film EL apparatus capable of 
emitting light with a desred emission wavelength at a high efficiency. It was demonstrated that a thin-film 
EL apparatus manufactured by using ZnS: Tb. F. ZnS: Sm. or SrS: Ce for toe fluorescent matenal layer was 

50 capatle of emitting light with a spectrum reduced in naif width as compared wi*h the conventional EL 
aopa r atus havng no reflecting mirror layer with an emiss.on efficiency which is 5 to 15 times higher than 
*hat attained by the same conventional EL apoaratus. The increase in the emission efficiency was markedly 
large Amen the reflectivities of the reflecting mirror layers were 0.7 cr higher. Tne reflectivity of one of the 
two reflect ng mirror layers located cn the luminescence extraction side was set to be smaller than that of 

55 the ether. In tne arrangement of this embodiment, the luminance was higher //hen the light was extracted 
on the back electrode side. 
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Embodiment 3 

A third embodiment of the present invention will be described below with reference to the accompany- 
ing drawings. 

5 Fig. 9 shows in section a basic const r uction of a thin-film EL apparatus in accordance with the third 

embodiment of the present inve ntion. 

A metallic electrode 22 having the function of a reflecting mrror layer as well as the function of an 
electrode layer is formed on a glass substrate 21. and a first dielectric layer 23 having a dielectric constant 
1 1 ana a thickness d1 is formeo on the electrode 22. A fluorescent material layer 24 having a thickness d3 

w is formed on the first cielectric layer 23, and a second cielectric layer 25 having a dielectric constant t2 and 
a thickness d2 is successively superposed. Back electrodes 26 having the function of a reflecting mirror 
layer as well as the function of an electrode layer are formed on the second dielectric layer 25. A thin-film 
EL apparatus having this structure was manufactured and the refractive index n of the lamination of the first 
dielectric layer, the fluorescent material layer and the second dielectric layer with respect to the wavelength 

75 of light emitted from the fluorescent material layer was measured with an elliosometer. 
The total thickness d of this lamination is expressed by 

d = dl + d2 + d3. (5) 

20 Each factor is determined so that the following relationship is establish among the fluorescent material layer 
emission wavelength X the refractive index n and the total thickness d: 



d = K • n • .1/ 2 . . . ( 6 ) 



where K is a positive integer equal to or larger than 1 . 

It was confirmed that the thin-film EL apparatus of this embodiment had a voltage-luminance char- 

30 acteristic similar to those of the above-described embodiment, and that the luminance from the fluorescent 
material layer could be efficiently extracted through the luminescence surface. 

The fluorescent material layer was formed by using a fluorescent material selected from the group 
consisting of AnS: Mn which emits orange light with a main emission wavelength of 580 nm. ZnS Tb, F or 
ZnS: Tb, P which emits green light with a main emission wavelength of 544 nm. CaS: Eu or ZnS: Sm which 

35 emits red light with a main emission wavelength of 650 nm. and SrS: Ce or ZnS: Tm which emits biue light 
with a wavelength of aoout 480 nm Yttrium oxioe films tantalum oxide films, aluminum oxiae films, silicon 
c-xide films, siliccn nitrde films or perovskite-type oxide dielectric f ilms represented by a strontium titanate 
film were used for the first and second dielectric films. The characteristics of the dielectric films used for 
the invention are shown in Table 1. 

40 The combination of the dielectric layers and the fluorescent material layer and the total thickness d of 

the lamination structure of this embodiment were determined by tne equation (6) from values of the 
emission wavelength X and the refractive index n of the lamination structure cf the dielectrc layers and the 
fluorescent material layer determined by the ellipsometer with respect to the emission wavelength. 

It was confirmed that the present invention enabled manufacture of a thin-film EL apparatus capable of 

45 emitting light with a desired emission wavelength at a high efficiency. It was demonstrated that a thin-film 
EL apparatus manufactured by using ZnS: Tb F ZnS: Sm, or SrS: Ce fcr the fluorescent material ayer was 
capabe of emitting light wth a spectrum reduced in half width as compared with the conventional EL 
apparatus having no reflecting mirror layer with an emission efficiency which is 5 to 15 times higher than 
that attained by the same conventional EL apparatus. The increase in the emission efficiency was 

so remarkably large when the reflectivities cf the reflecting mirror layers were 0.7 or higher. The reflectivity of 
one of the two reflecting mirror layers located on the luminescence extraction side was set to be smaller 
than that of the other. In the arrangement of this embodiment the luminance was higher when the light was 
extracted on the back electrode side. 

55 Embodiment 4 



A fourth embodiment of the; present invention will be described below with reference to the accompany- 
ing drawings. 
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F>g 10 shows n section a basic construction of a thm-film EL apparatus in accordance with the fourth 
emocdiment of the present irvention. 

A transparent ITO electrode 32 is forrred on a glass substrate- 31. a first dielectric layer 33 having a 
dieiectric constant t 1 arc a thickness dt is formed or the electrode 32. and a reflecting miror layer 34 s 
5 formed on the first cielectnc layer 33. A fluorescent material layer 35 having a thickness d3 \s formed on 
the fust dielectric layer 34. and another reflecting mirror layer 36 one a sc:cnd dielectric layer 37 having a 
dielectric constant <2 and a thickness d2 are successively superposed on the fluorescent matenal layer 35. 
Back electrodes 38 are formed or the second dielectric ayer 37 A thm-film EL apparatus having this 
structure was manufactured and the refractive index n of the fluorescent matenal layer interposed between 
*o the reflecting mirrors w tr respect tc the wavelengtn of light emitted f-om the f uorescent mater al layer was 
measured with an eilipsometer. 

Each -'actor is determined so that the following relationship is established among the: fluorescent 
matenal layer emission waveiengtr X. the refractive index n and the thickness c3 



d3 = K - n - A. 2 



20 whero K is a positive integer equal to or larger than 1. 

It was confirmed Inat the thin-film EL apparatus of this embodiment also had a voltage-luminance 
characteristic: similar to that of the first emoodiment, and that the luminance f rom the fluorescent material 
layer could be efficiently extracted through the luminescence surface. 

The fluorescent material layer was formed by using a fluorescent material selected from the group 

25 consisting of AnS: Mn which emits orange light //ith a mam emission wavelength of 580 nm. ZnS: Tb. F or 
ZnS: Tb. P which emits green light with a main emission wavelength of 544 nm. CaS: Eu or ZnS: Sm which 
emits red light with a main emission wavelength of 650 nm, and SrS: Ce or ZnS: Tm which emits blue light 
with a wavelength of about 480 nm Yttrium oxide films, tantalum oode films, aluminum oxide films, silicon 
oxide films, silicon nitride films or perovskito-type oxide dielectric films represented by a strontium titanato 

30 film were usee for the first and second die>ectric films. 

The thickress d3 of the fluorescent material layer of this embed, ment was determined on the basis of 
the equation <7) from values of the emission wavelength X and the refractive incex n of the iamination 
s:ruc*ure of the dielectric layers and the fluorescent material layer determined by the eilipsometer with 
respect to the emission wavelength. 

35 It was confirmed that the present invention enabled manufacture of a thin-film EL apparatus capable of 

emitting light with a desired emission wavelength at a high efficiency It was demonstrated that a thin-film 
EL apparatus manufactured by using ZnS Tb. F ZnS: Sm. or SrS: Ce for the fluorescent mater al layer was 
capable of emitting light with a spectrum reduced in half width as compared with the conventional EL 
apparatus havng no reflecting mirror layer with an emisson efficiency wnch is 5 to 15 times higher than 

40 that attained by the same conventional EL apparatus. The increase in the emission efficiency was 
remarkably large when the reflectivities of the reflecting mirror layers were 0.7 or higher. The reflectivity of 
one of the two reflecting mirror layers located on the luminescence extraction side was set to be smaller 
than that of the other. In the arrangement of this embodiment the luminance was higher when the light was 
extracted on the electrode side 

Embodiment 5 

A fifth embcdiment of *he present invention will be described be lew with reference to the accompanying 
drawings 

50 Fig. 1 1 shows in section a basic construction of a thin-film EL apparatus in accordance with the fifth 

embodiment of the present invention. 

A reflecting mirror layer 42 having the function of an electrode a:so is iormec on a glass substrate 41 A 

fluorescent material layer 43 having a thickness d3 is formed on the reflecting mrror layer 42. and back 

electrodes 45 serving as another reflect ng mirror laye r 44 are formed on the ''(uorescent material ayer 43. 
55 A thin-film EL apparatus having this structure was manufactured and tne refractive index n of the fluorescent 

matenal layer interposed between the reflecting mirrors with resoect to the wavelength of light emitted from 

the fluorescent material layer ^as measured with an ell pscmeter. 



3 




EP 0 615 402 A2 



Eacn fac;or is determined so that the fol. owing relationship is established among the fluorescent 
material layer emission wavelength x. the refractive index n and the thickness d3: 

5 d3 = K-n-A/2 . . . (7) 

where K is a positive integer equal to or larger than 1 . 

It was confirmed tnat the thin-film EL apparatus of this embodiment shewn in Fig. 1 1 had a voltage- 
io luminance characterist c such that the luminance from the %orescent material layer could be efficiently 
extracted through the luminescence surface as in the case of the above-described embodiments. 

The fluorescent material layer was fo-med by using a fluorescent material selected from the group 
consisting ct ZnS: Mn which emits orange light with a mam emission wavelength ot 580 nm, ZnS: Tb, F or 
ZnS: Tb. P which emits green light with a main emission wavelength of 544 nm. CaS: Eu or ZnS: Srn which 
15 emits red light with a nam emission wavelength of 650 nm. and SrS: Ce or ZnS: Tm which emits blue light 
with a wavelength of about 480 nm. A dispersion type powder EL apparatus was also used. 

The thickness d3 of the fluorescent material layet of this embodiment was determined on the basis of 
the equation (7) from values of the emission wavelength X and the refractive index n determined by the 
ellipscmeter with respect to the emission wavelength. 
20 It was confirmed that the present invention enabled manufacture of a thin-film EL apparatus capable or 

emitting light with a desired emission wavelength at a high effeiency. 

The increase in the emission efficiency was lemarkably large when the reflectivties of the reflecting 
mirror iayers were 0.7 or higher. The reflectivity of one of t^e two reflecting mirror layers located on the 
luminescence extraction side was set to be smaller than that of the other. In the arrangement cf this 
25 embodiment, the luminance was higher when the light was exnacted on the side of the back electrodes. 

Ne>t, a thin-film EL display in which a multilayer-film interferometer is used as a reflecting mirror layer 
will be described below. 

Embodiment 6 

30 

A sixth embodiment of the present invention will be described below with reference to the accompany- 
ing drawings. 

Fig 12 shows in section a basic construction of a thin-film EL apparatus in accordance with the sixth 
embodiment of the present invention. 

35 A transparent electrode 52 is formed on a glass substrate 51. and a first dielectric layer (a) 54a having a 

refractive inde> n1 of about 2.4 with respect to the emission wavelength and having a dielectric constant t1 
and a thickness d1 is formed on *he electrnde 52. An optical thin film having a refractive index n2 of about 
1.5 and a thickness d2 (e.g., film of MgF 2 (n1 = 1.38) or S1O2 (n1 = 1.52)) is formed as a first dielectric 
layer (bf 54b on :he first dielectric layer fai 54a. Another dielectric thin film icentical with the first dielectric 

40 layer tat is successively superposed as a first dielectric layer (c) 54c. and a first dielectric layer (d) 54d 
having the refractive index n2 and the thickness d2 is successively superposed. A fluorescent material layer 
55 having refractive index n3 of about 2.4 and a thickness d3 is formed on the dielectric layer (d) 54d, and 
a dielectric thin film having a refractive index n4 of about 2.4 ± 0.2 close to n3 and having a thickness d4 is 
formed as a second d electric layer 56 is formed on the fluorescent material layer 55. Back electrodes 57 

45 having the f unction of a reflecting mirror layer as well as the function of an electrode layer are formed on 
the second dielectric layer 56. A thin-film EL apparatus having this structure was manufactured and the 
refractive indexes n1. n2. n3, and n4 of the first dielectric layers (a) to id), the fluorescent material layer and 
the second dielectric layer with respect to an emission wavelength X0 were measured with an ellipsometer. 
The thicknesses d1, d2. and d4 of the dielectric layers and the thickness d3 of the fluorescent material layer 

so were determined so as to satisfy the following equations based cn the multilayer-film optical interference 
filter design method: 

ni*di = X0 4 (8) 

55 (1 = 1.2) 

n3«d3 = xO 2- N (9) 
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o4-d4 = \0 2« N (10) 

<N: positive n-jmoer d. 2. 3 ..)! 

That is. an EL device navirg the function oi electroluminescence as /veil as the function of an optical 

interference muhilaver-fi'm filte' was formed. 

It was cenfrmed tha: the thin-film EL apparatus of this embodiment shown in Fig. 12 had a voltage- 

iumirance charactensti: such as that shown m F-g. 7(b) and that the luminance from the fluorescent 

material layer cculd oe efficiently extracted through the luminescence surface 
'o The fluorescent material layer ^as formed by using a fluorescent material selected from the group 

consisting of ZnS: Mn which emits orange light with a man emission wavelength of 580 nm. ZnS: Tb. F or 

ZnS: Tt. P which emits green light with a main emission wavelength of 544 nm, CaS: Eu or ZnS: Sir which 

emits red light with a mam emission waveiength of 650 nm. and SrS: Ce or ZnS fm which emits blue light 

with a wavelength of about 480 nm. The materia s of the first dielectric fi"'-- (a) to (d) and the second 
•5 oielectrc Mm were selected from yttrium oxide, tantalum oxide, aluminum ox silicon oxide, silicon nitride 

and oe'Ovskite-type o«:de dielectric materials represented oy strontium tiL 3. barium tantalate and the 

like m consideration of the refractive index w«th respect * ~e emission wave ;th. 

The thickness of each of the dielectric layers and tr, uorescent material layer of this embodiment was 

determined by using the equations M ). (2). and (3) and values of the emission wavelength X0 and the 
20 refractive index n of the dielectric layers and the fluorescent material layer determined by the ellipsometei 

and oy measurement of optical transmittance with respect to the wavelength of light em^teu 'Torn the 

fluorescent material ; ayer 

It was confirmed that the present invention enabled manufacture of a tnin-film EL apparatus capable of 
emittmg light with a desired emission wavelength with a high efficiency 

25 Tne increase tn the emission efficiency was greater as the half width with respect to the selected 

emission wavelength was reduced. The reflectivity of the reflecting mirror layer formed of the optical 
interference multilayer-film filter where the luminescence was extracted was set to be smaller than that of 
the reflectivity ol the back electrodes. 

Figs 13. 14 and 15 show spectra of a thin-filr ,:L apparatus manufactured by using ZnS: Tb. F. ZnS 

30 Sm, and SrS Ce for the fluorescent material layer, it was demonstrated that the present invention enabled 
manufacture of a thm-fi-m EL apparatus capaole of emitting light of a desired wavelength with an efficiency 
which is 5 to 80 t mes higher than that attained by the conventional thin-film EL apparatus having no 
multi.ayer-nlm optical interference filter and no reflecting mirror layer, and also capaole of selecting desired 
'umirescence colors that is. capable of emitting tnree elementary colors, green, red and blue. These effects 

35 were improved as the value of K was reduced, and the increase m emission efficiency was remarkably large 
when the half w dth with -espect to the selected amission waveiength was reduced. The reflectivities of the 
two refecting mirror layers, i.e.. those of the ootical interference filter and the metallic electroces were 
selected in such a manner that tne reflectivity of the optical interference filter on 'he luminescence 
extraction side was smaller The construction in which an optical interference filter is usee to const tute one 

40 of the two reflecting mirror layers ensures a reduction in the half width with respect to the omission 
wavelength as well as an increase in tne optical amplification as compared with the case where tne two 
reflecting mirror layers are singie-iayer f Ims formed of metallic thin films or the like. 

Ne:*t. a multilayer-film optical interference filter capable of effecting electroluminescence will be 
described below. 

45 

Embodiment 7 

A seventh embodiment of the present invention wil be described below with reference to the 
accompanying crawmgs. 

so Fig. 16 shows in section a basic construction of a thin-film EL apparatus in accordance with the seventh 

embodiment of the present invention. 

A transparent ITO electrode 62 is formec on a glass substrate 61. a multi ayer- : ilm optical interference 
ft ter layer 63 is formed on the electroce 62. and a first d»elecTi: layer 64 hav ng a dielectric constant t1 
and a thickness d1 is formed on the filter layer 63. A fluorescent material layer 65 having a thickness d3 is 

5^ formed on the dielectric layer 64. and a second dielectric ayer 66 having a dielectric constant «2 and a 
thickness d2 is successively superposed. Back e ectrodes 67 having the function of a reflecting mirror layer 
as well as the function of an electrode layer are formed on the second dielestnc layer 56. A thin-film EL 
aopa atus having this structure was manufactured and the refractive inde< n o ; the lam nation of the first 



1 0 



EP 0 615 402 A2 



dielectric layer, the fluorescent material layer and the second dielectric layer with respect to the wavelength 
of light emitted from the fluorescent material la/er was measured with an elliosometer 
The total thickness d of this lamination is expressed by 

5 c = d1 + d2 + d3. (11) 

Each 'actor is determined so that the following relationship is established between the 'luorescent material 
layer emission wavelergth X. the refractive index n and the total thickness d: 

w 

d = K* nvl/2 ... { 12 ) 



15 where K is a positive integer equal to or larger than 1 . 

It was confirmed that the thin-film EL apparatus of this embodiment shewn m Fig 16 had a voltage- 
luminance characteristic such as that shown in Fig 7(b), and that the luminance from the fluorescent 
material layer could be efficiently extracted through the luminescence surface. 

The fluorescent material layer was formed by using a fluorescent material selected from the group 

20 consisting of ZnS: Mn which emits oranye light with a main emission wavelength of 580 nm, ZnS. Tb, F or 
ZnS Tb, P which emits green light with a main emission wavelength of 544 nm. CaS; Eu or ZnS: Sm which 
emits red light with a main emission wavelength of 650 nm, and SrS. Ce or ZnS: Tm which emits blue light 
with a wavelength of about 480 nm. Yttrium oxide films, tantalum oxide films, aluminum oxice films, silicon 
oxiae films, silicon mtr de films or pe^ovskite-type oxide dielectric nlms represented by a strontium titanate 

25 film were used for the first and second dielectric films. The characteristics cf the dielectric films used for 
the invention are shown in Table 1. 

The combination of the dielectric layers and the fluorescent material layer and the total thickness d of 
the lamination structure of this embodiment were determined by the equation (2) from values of the 
emission wavelength x and the refractive index n of the lamination structure of the dielectric layers and the 

30 fluorescent material layer determined by the empsometer with respect to the emission wavelength. 

It was confirmed that the present invention enabled manufacture of a thin-film EL apparatus capable of 
emitting light with a desired emission wavelength at a high efficiency- 
It was cemonstrated that the present invention enabled manufacture of a thin-film EL apparatus capable 
of emitting light of a desired wavelength with an efficiency which is 5 to 80 times higher tnan that attained 

35 by the conventional thin-film EL apparatus having no multilayer-film optical interference filter and no 
reflecting mirror ayer and alsc capable of selecting luminescence colors, that :s capable of emitting the 
three elementary colors, green, red and blue These effects were improved as the value of K was reduced, 
and the increase in the emission efficiency was remarkably large when the half width with respect to the 
selected emission wavslength was reduced. The reflectivities of the two reflecting mirror lasers, i.e.. those 

40 of the optical interference filter and the metallic electrodes were selected in such a manner that the 
reflectivity of she optical interference filter on the luminescence extraction side was sma ler. In the 
arrangement of this embodiment, the luminance was higher when the light is extracted on the side of the 
back electrode side. 

45 Embodi ment 8 

An eighth embodiment of the present invention will be described below with reference to the 
accompanying drawings. 

Fig. 17 shows in section a basic construction of a thm-film EL apparatus n accordance with the eighth 

50 embodiment of the present invention. 

A transparent ITO electrode 72 is termed on a glass substrate 71, a first dielectrc layer 73 having a 
dielectric constant ^ and a thickness d1 is formed on the electrode 72. and a multi'ayer- f ilm optical 
interference filter layer 74 having the function of a reflecting mirror layer alsc is formed on the first dielectric 
layer 73. A luorescent material ayer 75 having a thickness d3 is formed on the filter layer 74. and a second 

55 dielectric layer 76 having a dielectric constant t2 and a thickness d2 is successively superposed. Back 
electrodes 77 having the function of a refecting mirror layer as well as the function of an electrode layer are 
formed on the second dieectnc layer 76. A thin-film EL apparatus having this structure was manufactured 
and the refractive index n of the lammatior of the fluorescent material layer and the second dielectric layer 
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with -esport to the wave song th -:f >i:jnt em nod from the : k.oro scent material layer was -neasurec with an 
e'lipsometer. 

The total thickness 1 of this lamination is a --pressed by 
cl = 12 + d3. (13) 

Each fact zr is dete'TiireJ so that the following -elaticnship is estab ished among the fluorescent matenai 
layer emission wavelength \. the refractive index n and the total thickness c: 

'0 

d = K-nvl/2 ... (14) 



-5 where K is a positive integer equal to or larger than 1 . 

It was conformed that the thin-film EL apparatus of this embodiment shown in Fig. 17 nad a voltage- 
lumirance characteristic such as that shown in Fig. 7(b). and that the luminance from the fluorescent 
matenai layer could be efficiently extracted through the luminescence surface. 

The fluorescent material layer was formed by using a fluorescent material selected from the group 

20 consisting of ZnS: Mn which emits orange; light with a mam emission wavelength of 580 nm. ZnS: Tb. F or 
ZnS. Tb. P which emits green light with a mam emission wavelength of 544 nm, CaS: Eu or ZnS: Sm which 
emits red light with a main emission wavelength of 650 nm. and SrS Ce or ZnS. Tm which emits blue light 
with a wavelength of about 480 nm. Yttrium o>ide films, tantalum oxide films, aluminum o*:ide films, silicon 
oxide films, si icon nitride films or perovskite-type o>:ide die ectric films represented by a strontium titanate 

25 fi m were used for me first and second dielectric nims The characteristics of the dielectric films used for 
the invention are shown in Tab e 1 

The combination of the dielectric layers and the fluores-en* material layer and the total thickness o of 
the lamination structure of this embodiment were determined by the equation (14) from valuos of the 
omission wavelength X and the refractive mdo>: n of the lammat on structure of tho dielectric layers and the 

30 fluorescent material layer determined by the eliipsometer with respect to the emission wavelength. 

It was confirmed that the present invention enabled manufacture of a thin-film EL apparatus capable of 
emitt ng light wr.h a desired emission wavelength at a nigh efficiency. It was demonstrated that the thin-fiim 
EL aoparatus manufactured oy using ZnS: To. F. ZnS: Sm. and SrS: Ce for the fluorescent material layer 
was capable of emitting light with a spectrum reduced in half width as compared with the conventional thin- 

35 fnm EL apparatus having no optical interference filter and no reflecting mirror layer with an efficiency which 
is 5 to 80 times higher than that attained by the same conventional EL apparatus, and also capable of 
selecting desired luminescence color that is capable of emitting the three elementary colors, green, red and 
blue as desired. The increase in the emission efficiency was remarkably large when the haf width with 
respect to the selected emission wavelength was reduced. The reflect. vities of the two reflecting mirror 

40 layers including that of the optical interference filter were sat in such a manner that the reflectivity on the 
lunmrescence extraction side was lower In the arrangement of :h s embodiment, the luminance was higner 
when the light is extracted or the back electrode side. 

Emb odim e nt 9 

^5 

A ninth embodiment of the present invention will be described below with reference to the accompany- 
ing drawings. 

Fig. 18 shows in section a basic construction of a thin-film EL apparatus in accordance with the ninth 
embodiment of the present irvention 

50 A transparent electrode 82 s formed on a glass substrate 81. and an optica! thin film having a refractive 

mde> n1 of about L5 with respect to the emission waveiength and having a cielectric constant *1 and a 
thickness d1 (eg . film of MgF (n1 = 1.38) :r SiO (n1 = 1.52)} is : ormed as a first die ectric layer 83 on 
the electrode 82. A fluorescent matena layer 84 havirg a refract ve ndex n3 of about 2.4 and a thukness 
d3 is formed on the first dielectric layer 83. and another dielectnc thin film equal to the first dielectric layer 

55 is successively superposed as a second dielectric layer 85. Another fluorescent material layer 86 also 
having the refractive index n3 of abcut 2.4 and the thic-mess d3 is formed on the second dielectric la/er 85. 
still another dielectnc thin film -dent cal with the first cielectric layer s successively superposed as a third 
dielectric layer 87 on the flucrescent material layer 86. and still another fluorescent material layer 88 having 
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the refractive mcex n3 of about 2.4 and a tnickness d4 (twice as arge as d3) is formed on the thrd 
dielectric layer 87. Similarly, on the fluorescent material layer 88 ate successively formed a fourth dielectric 
layer 89 which is the same dielectric th.n film as the : irst dielect'ic layer, a fluorescent material layer 90 
having the refractive index n3 of about 2.4 and the thickness d3. a nfth dielectric layer 91 which is the same 

5 dielectric thin film as the first dielectric layer, a "luorescent material layer 92 having the refractive index n3 
of about 2.4 and the thickness d3. and a s i >: t h dielectric ayer 93 which is the same dielectric thin film as the 
first dielectric layer. Back electrodes 94 oavmg the function of a reflecting mirror layer as well as the 
function of an electrode layer are formed :>n the sixth dielectrc layer 93. A thin-film EL apparatus having 
this structure was manufactured and the refractive indexes n1 and n3 cf the first dielectric layer, the 

10 fluorescent material ayer and the second dielectric layer with respect to an emission waveiength xO we r e 
measured with an ellipsometer. The thicknesses d1 of the firs: and second dielectric layers and the 
thickness d3 of the fluorescent material layers weie determined so as to satisfy the following equation 
based on the multilayer-film optical interference filter design method: 

75 n 1 • d 1 = n3 • d3 = XO 4 

That is. an EL device having the function of electroluminescence as well as the function of an optical 
interference multilayer-film filter was formed. 

it was confirmed that the thin-film EL apparatus of this embodiment shown in Fig. 18 had a voltage- 

?o luminance characteristic such that light of the emission wavelength XO could be efficiently extracted from 
the fluorescent material layer through the luminescence surface 

The fluorescent material layer was fcmed by using a fluorescent material selected from the group 
consisting cf ZnS: Mn which emits orange light with a mam emission wavelength of 580 nm. ZnS Tb, F or 
ZnS Tb. P wnich emits green light with a main emission wavelength of 544 nm, CaS: Eu or ZnS: Sm which 

25 emits red light with a mam emission wavelength of 650 nm. and SrS: Ce or ZnS: Tm which emits blue light 
with a wavelength of about 480 nm. Yttrium oxice fPms tantalum oxide films, aluminum oxide films, silicon 
ox de films, silicon n>tnde films or pcovskite-type onde dielectric f iims represented by a strontium titanate 
film were used for the first and second dielectric frms The characteristics of the dielectric films used for 
the invention are shown in Table 1. 

^mb^dimert 10 

A tenth embodiment of the present invention will be described below with reference to the accompany- 
ing drawings 

35 Fig. 19 shows in section a basic construction of a thin-film EL apparatus in accordance with the tenth 

embodiment of the present invention. 

A transparent ITO electrode 96 is formed cn a glass substrate 95. a multilayer-film optical interference 
filter layer 97 for allowing transmission of light having wavelengths centered at a desired emission 
wavelength XI is formed on the electrode 96. and a first dieectnc layer 98 having a dielectric constant ^1 

40 and a thickness d1 is formed on the filter layer 97. Next, a fluorescent material layer 99 havmg a thickness 
d3 is formed on the first dielectric layer 98. and a second dielectric layer 100 having a dielectric constant ^2 
and a thickness d2 is successively superposed. On the second dielectric layer 100 are successive ! y formed 
a multilayer film optical interference filter layer 101 for allowing transmission of light having wavelengths 
centered at a desired emission wavelength x2 'different from X1) and transparent electrodes 102. A thin- 

45 film EL apparatus having this structure was manufactured and the refractive index n of the lamination of the 
first dielectric layer, tne fluorescent material layer and the second dielectric ayer with respect to the 
wavelength of light emittec from the fluorescent material layer were measured with an ellipsometer 
The total thicKness d cf *his lamination is expressed by 

so d = d1 + d2 + d3. (15) 

Each f actor is determined so that the following relationship is established among the fluorescent material 
layer emission wavelength X, the refractive inde< n and the total thickness d: 

55 
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»\nero K is a positive integer eaual to or \atcc than 1. 

It was confirmed that the thin-film EL apparatus in accordance witn the tenth embodiment of the present 

invention shown m Fig. 19 had a voltage-ium nance characteristic sucn that the luminance cojid bo 

efficiently extracted from the fluorescent material layer tnrough the luminescence surface. This edect is 
o censiderec to tie explained by the fact that the multilayer film optical interference filters serve as reflecting 

mirror layers and that the laminaton of the first and second dielectric layers and the fluorescent material 

layer censntutes a Fabry-Perot interferometer. 

The fluorescent material layer was formed by using a fluorescent materia! selected from the group 

consisting ot Z-S Mn whnco has a refractive index of about 2.4 and wh ch emits orange light with a main 
* o emission wavelength of 580 rrn. and SrS: Ce. K. Eu ZnS: PrF-. or S S Pr. F which emits white light. 

Yttrium oxide films, tartalum oxide films, aluminum o*ide films, silicon oxide films, silicon nitride films or 

perovskite-type o*ide dielectric films represented by a strontium titanate film were used for the first and 

second dielectric films. 



•5 Embodiment 1 l 

An eleverr embodiment of the present invention will be described below with reference to the 
accompanying crawings. 

Fig. 20 shows in section a basic construction of the thin-film EL apparatus in accordance with the 

2o eleventh em bod ment of the present invention. 

A transparent ITO electrode 104 is formed on a glass substrate 103, and a multilayer film optical 
interference filter layer 105 fcr a'lowmg transmission of light having wavelengths centered at a desired 
emission wavelength o ; about \1 is formed on the eectrode 104. Next, a fluorescent material layer 106 
having a thickness dA is termed on tne niter layer 105 and. a dielectric layer 107 having a dielectric 

2b constant t2 and a thickness d2 is successively superposed, and back electrodes 108 serving as a reflecting 
mirror layer also are formed on the dielectric layer 107. A thin-film EL apparatus having this structure was 
manufactured and the refractive nde< n c f each of the thin frm constituting the multilayer-film optical 
interference filter layer 105. the fluorescent material layer 106 and the dielectric layer 107 with respect to 
the desired emission wavelength was measured with an eHipsometer. 

30 The thickness d of each thin film is determined so that the following relationship is established between 

the desired emission wavelength \1 and the refractive index: 

d = K -" /l ' 2 ••• (17) 

35 

for the fluorescent material layer 106 where K is a poscive integer equal to or larger than 1: and 



40 



-.r 

c = n-AA 



d = . _ (19) 

45 

for the thin film constituting the multilaver-film optical interference f iler 105. and the dielectric layer 107 

The structure of the thin film constituting the multilayer-film optical interference niter layer 105 is based 
on the combination of a tnin film material L having a refractive index comparatively small i.e.. about 1.5 with 
respect to the desired emission wave=engtn X1 anc a thin film mater al H having a refractive index 

so comparatively large, i.e . 2.0 or larger with respect to \1. For examole, these materials are laminated on the 
transoarent electrode 104 in the order o T L.H.L.L.H.L. H.L.H.H,LH.L or H.L.H.H.LH.LH.L.L.H.L. With respect 
to visible I ght emission wavelengtns the material L is. fcr example, quartz (SiO. n = 1 35 - 1.5). MgFj : r. 
= 1.38 or aluminum oxide i Al. O : r = 1.54). and the matenal H is. for example, titanium oxide (Ti-O: n = 
2.55) tantalum D.-ice (Ta-O: n = 2 25) barium tantalate (BaTa. O.- n = 2.25) or a perovskite-tyoe oxide 

56 (SrTiO-.: n = 2.38 BaTiCL; n = 2 4). There are comoounds suitable for the material H in composite 
perovskite type- oxides and composite tungsten bronze oedes. Needless to say. a plurality of combinations 
of the materials L and H are possible 
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It was confirmed that the thin-film EL apparatus in accordance with the fks: aspect of the present 
invention had a voltage-luminance characteristic such as that shown in p ig. 7(b) and such that the 
luminance could be efficiently extracted from the fluorescent material layer througo the luminescence 
su-face. This effect s considered to be explained oy :he fact that the multi ayer film optical interference 
5 filter serves as a rejecting mirror layer and that the lamination of the second dieiectrc layer anc the 
fluorescent material layer constitutes a Fabry-Perot interferometer. 

The fluorescent material layer was formed by using a fluorescent material selected f r om the group 
consisting of ZnS: Mn which has a refractive index of about 2 4 and which emits orange light with a mam 
emission wavelength of 580 nm, and SrS: Ce. K. Eu. ZnS: PrF; c SrS: Pr. F which emits white light. It is 
w necessary to select a material for the second dielectric layer according to the refractive index of the 
fluorescent material. A simplex cr complex dielectric film formec of a material selected from the group 
consisting of yttr um oxide, tantalum o<ide. tungsten bronze type oxides represented by barium tantalate 
and perovskite-tyoe o> de dieiectr c materials represented by strontium titanate was actually used. 

In accordance with the present invention, thin film EL apparatus capable of emitting light of the desired 
15 wavelengths at an -improved efficiency are manufactured, thereby realizing full-color fiat displays used as 
OA system terminals. TV image display units, view finder units and so on. 

As many apparently widely different embodiments of this invention may be made without departing 
from the spirit and scope thereof: it is to be understood that the invention is not limited to the specific 
embodiments thereof ocept as defined in the apperdec claims. 

20 

Claims 

1. A thm-film electroluminescence apparatus including an optical interference filter, comprising: a light- 
transmissible electrode layer formed on a glass substrate: a ught reflecting electrode layer; a 

25 fluorescent material layer or a laminated structure of a fluorescent material layer and a dielectric 

material 'ayer, a voltage being applied to said fluorescent material layer or said laminated structure 
through said electrode layers: and a multilayer-film optical nterference filter capable of selectively 
transmitting light emitted from sa-d fluorescent material layer and having an arbitrary wavelength X. said 
opti.al interference filter being provided on a light extraction side of saic fluorescont material layer or 

30 saic laminated structure of fluorescent and dielectric material layers, said optical interference filter 

being formed of at least cne first dielectric film having a smaller refractive inde> and at ! east one 
second dielectric film having a larger refractive inde>. said first and second dielectric films being 
alternately laminated based on an equation X 4 = film thickness x refractive index in the order of said 
second cielectnc film and said f irst cieiectric r ilm said fluorescent material layer having a refractive 

3.'; index larger than that of said first dielectric film oased on an equation X 2 * N = film thickness > 

refractive index (where N is an in teger equal to or arger than t). and further successively laminating a 
third dielectric film based on an equation \ 4 x positive integer being laminated = fiim thickness v 
refractive inde> . 

40 2. A thin-film e ectrolummescence apparatus according to claim 1. wherein said electrode layer has the 
reflectivity of said reflecting mirror layers 

3. A thin-film electroluminescence apparatus including an optical interference filter according to claim 1 or 
2. wherein an o>ide having a 'efractive index o T ' 2 or larger in a visible region and including a 
45 perovskite-type o-:ide or tantalum and an oxide or nitride having a refractive index larger than 1 and 

smaller than 2 are used for said dielectric material layers. 
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